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In recent years, advances in electronic techniques have resulted in the development of many automatic and semiautomatic devices covering many aspects of the biological and physical sciences. A notable factor in these trends to automation has been the development of highspeed scanning systems. Some scanners, such as those of Roberts and Young (1952) , Tolles and Bostrom (1956) , and Sawyer and Bostrom (1958) , have been specially adapted for use in the biological sciences. A noteworthy application is the automatic counter of microbial colonies developed as a cooperative effort between Fort Detrick and the Allen B. Du Mont Laboratories. This counter is shown in Fig. 1 , and the technology was described by Mansberg (1957) , Mansberg, Yamagami, and Berkley, (1957) , and Alexander and Glick (1958) . A practical, as well as interesting, aspect of the development of the automatic colony counter was the statistical evaluation and the resulting correction equations described in this report. The counter was adapted to count colonies 0.5 mm in diameter and larger. Although the lower size threshold of colonies which the counter will detect may be varied to sense objects as small as 0.1 mm in diameter, errors are introduced by the system becoming sensitive to extraneous targets, such as dust and lint or minute scratches in the agar or petri dish. The problems associated with lowering the size threshold of the device were discussed by Mansberg (1957) in some detail.
RESULTS AND DISCUSSION
Early experimentation with the automatic colony counter showed that the machine was able to count, with great accuracy and precision, test plates with plastic spots simulating bacterial colonies. When plates with living cultures were used, however, the machine count was lower than the visual count when more than 100 colonies were present on the plate. This difference in count between the technician and the machine was directly proportional to the number of colonies on the plate. An intensive investigation was conducted to define accurately the observed bias and to prepare a calibration curve of general applicability. 
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The fourth source of error is the most important one. It arises from the inability of the machine to resolve clusters of colonies into their component numbers. Thus, two or more colonies -in contact with each other will result in one or two or more counts depending on the orientation of the group with respect to the scanning beam. The nature and sources of this error have been adequately discussed by Le Bouffant and Soule (1954) and Alexander and Glick (1958) . Owing to inherent limitations of the present scanning instrumentation, it is impossible to avoid the bias due to overlap of colonies; therefore, the nature of the°8 80 bias was determined and a mathematical factor was derived to convert machine readings to the I with a group true (technician) plate count. More than 3,000 age regression plates were prepared with each of the two y isopleth are bacterial species over a period of 8 days. The number of colonies per plate covered nominally the range indicated in Table 1 . It was found from B examination of the colonies that there were no c> apparent differences in distribution of colonies with the two species. Figures 2 and 3 show this clearly and also illustrate the contrast in agar color to which the counter accommodated.
After the plates were counted by both technicians and machine, it was evident that the relationship between the two methods was stable from day to day. It was also evident that the two species did not give greatly different results. For illustrative purposes, a typical point array for 1 day's counting of S. marcescens colonies is plotted on logarithmic paper in Fig. 4 , which includes the average regression curve, the 95% confidence interval lines, and x = y isopleth.
Since it was permissible, statistically, to pool regression data for each species, and, finally, to provide a single overall regression, the cor- with 95% confidence interval bands on log y of 40.122. The regressions from these equations are shown plotted as lines C, A, and B, respectively, on logarithmic paper in Fig. 5 .
To determine the precision of the automatic counter relative to that of technicians counting the same plates, variances were computed for counts in selected ranges (Table 2) . When tested by the method of Bartlett (1937) , the variances were found to be homogeneous, indicating that the two counting methods were not different with respect to precision.
Some general conclusions and observations arising from this work may be enumerated. (i) The automatic colony counter was capable of counting bacterial colonies of at least two different species on reasonably translucent agar with high precision and a stable bias, which was correctable with a single overall equation derived in the work described here. (ii) The counting precision of technicians and of the automatic colony counters were not different when compared statistically. (iii) The counter reduced the time required to count 1 day's work load of plates by about 40%. Although the counter requires only 1 sec to scan and display the count from a given plate, a certain irreducible amount of time is spent in handling plates by both human and machine methods. The time required for recording machine counts can be reduced by use of automatic tape punches fed from the output of the Berkeley counter (Berkeley Division, Beckman Instruments Inc., Richmond, Calif.), which is an integral part of the electronic components of the instrument.
Transistorizing of the electronic system wherever possible would permit the installation of the counter within standard safety cabinets, thus reducing the possibility of infection when handling pathogenic organisms.
